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ELECTRONIC DEVICE ASSEMBLY AND A METHOD OF CONNECTING 
ELECTRONIC DEVICES CONSTITUTING THE SAME 



BACKGROUND OF THE INVENTION 
The present invention relates to the mounting structure of 
electronic devices and more particularly to an electronic device 
assembly promoting dense mounting of electronic devices and a method 
5 of connecting the devices. 

To implement rapid processing and advanced functions, a 
semiconductor package with a pi ural ity of funct ions, t nc I ud i ng memory 
and logic, arranged on a single semiconductor chip is attracting 
increasing attention. For example. Japanese Patent La id-Open 
10 Publication Nos. 11-195746. 10-22449 and 5-13663 teach COC (Chip On 
Chip) structures. Japanese Patent Laid^Open Publication Nos. 7- 
297359 and 6-244360 disclose tridimensional mounting methods that 
connect semiconductor chips to circuit boards and then stack the 
circuit boards. Such conventional technologies, however, have the 
15 following problems (1) through (4) left unsolved. 

(1) Arranging electronic devices having different functions 
on a single semiconductor chip results in an increase in chip size. 
This, in turn, increases the production cost for a chip and lowers 
the yield of a production line. 
20 (2) The COC structures taught in the above-mentioned Laid- 
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Open Publication Nos. 11-195746, 10-22449 and 5-13663 are not 
pract i cab I e w i thout i ncreas i ng the size of packages. Spec i f i ca J I y, 
semiconductor chips separate from each other different in function 
each have a smaller area than a single semiconductor chip having 
5 var i ous f unct i ons integrated thereon. The separate chips, however, 
increase the overal I thickness and therefore the volume of a package 
when assembled together. 

(3) It is necessary with the COC structure to cause underf i I I 
resin to flow into a gap between the active surfaces of semiconductor 

10 devices after the connection of the devices. The flow of the 
underf i I I res i n i nto the above gap becomes more difficult as the p i tch 
of bumps formed on a semiconductor device or the gap between two act i ve 
surfaces decreases. As a result, irregular bubbles are left in the 
resin layer and structurally degrade long-range reliability. 

15 Further, the underf i I I res i n somet i mes reaches r eg i ons of the c i rcu i t 
surface of a semiconductor device where the resin would effect a 
device characteristic. 

(4) The tridimensional mounting structures disclosed in 
La id-Open Publication Nos. 7-297356 and 6-244360 each connect the 

20 individual semiconductor device to a preselected circuit board and 
then stack such circuit boards Consequently, even semiconductor 
devices having small pad pitches or area bump arrays are connected 
to c i rcui t boards before the stack ing of c i rcu it boards. As a resu! t, 
the circuit boards have peripheral bump arrays. This increases the 

25 overall volume of the assembly, compared to an assembly in which 
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circui/t boards do not intervene between semiconductor devices. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide 
5 an electronic device assembly a I lowing two or more electronic devices 
to be connected together and a I lowing not only semiconductor devices 
and other active devices but also capacitors, resistors and other 
passive devices and a circuit board to be connected together, and a 
method of connecting the electronic devices. 

10 It is another object of the present invention to provide an 

electronic device assembly allowing two or more electronic devices 
to be connected together without resorting to underf i I I resin, which 
would cause voids to remain therein after curing, and a method of 
connecting the electronic devices. 

15 It is yet another object of the present invention to provide 

an electronic device assembly a I lowing a SAW (Surface Acoustic Wave) 
filter to be connected to another electronic device while being 
hermetical ly sealed at the same time and a I lowing another electronic 
device to be connected to the above electronic device by flip chip 

20 bonding, and a method of connecting the electronic devices. 

It is a further object of the present invention to provide an 
electronic device assembly implementing tr i d iment i ona I dense 
mounting without resorting to a carrier circuit board, and a method 
of connecting electronic devices constituting the assembly. 

25 In accordance with the present invention, in an assembly in 




which a plurality of electronic devices of different kinds are 
connected to a single electronic device, the electronic devices are 
connected to each other by conductive portions implemented by metal, 
but insulated from each other by insulating portions implemented by 
5 an adhesive, sea I able patterned resin layer. 

Also, in accordance with the present invention, in a method 
of connect i ng at least two el ectron ic dev ices included in an assembly 
in which a plurality of electronic devices of different kinds are 
connected to a single electronic device, the electronic devices are 

10 connected to each other by conductive portions implemented by metal, 
but insulated from each other by insulating portions implemented by 
an adhesive, sea I able patterned resin layer. The method includes a 
Step of subjecting the adhesive, sellable resin and electrodes to 
thermocompress i on at the same time. 

15 Further, i n accordance w i th the present invention, in a method 

of connecting at least two electronic dev ices included in an assembly 
in which a plurality of electronic devices of different kinds are 
connected to a single electronic device, the electronic devices are 
connected to each other by conductive portions implemented by metal. 

20 but insulated from each other by insulating portions implemented by 
an adhesive, sea I able patterned resin layer. A first step connects 
the conductive portions by applying an ultrasonic wave whi le holding 
bumps and electrode pads a I igned with the bumps in contact with each 
Other. A second step connects a resin layer formed on any one of the 

25 electronic devices and a contact surface formed on a function element 
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corresponding to the resin layer by thermocompression. The second 
step is executed after or s i mu I taneous 1 y with the first step. 

Moreover, in accordance with the present invention, in a 
method of construct i ng an aseerab I y i n wh ich a plural ity of electronic 
5 devices of di fferent kinds are connected to a single electronic device, 
the electronic devices are connected to each other by conductive 
portions implemented by metal, but insulated from each other by 
insulating portions implemented by an adhesive, scalable and 
patterned resin layer. The method includes a step of connecting at 

10 least two electronic devices via thermosetting, sealable resin layer 
while maintaining, on a passive device mounted on any one of the 
a lectron i c dev i ces or on the c i rcu i t surface of the e I ectron i c dev t ce, 
a temperature of portions where resin constituting the resin layer 
would effect a device characteristic higher than a temperature of the 

15 other portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
present invention wilt become more apparent from the following 
20 detai led descr ipt ion taken with the accompany ing drawings in which: 
FIG. 1 is a sectional view showing two semiconductor devices 
connected together by a conventional technology; 

FIG. 2 is a sectional view showing an electronic device 
assembly embodying the present invention; 
25 FIGS. 3A through 3D are sectional views demonstrating a 
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procedure for connecting an assembly of a SAW filter and a 
Semiconductor device to another semiconductor device; 

FIGS 4A through 4£ are sectional views demonstrating a 
procedure for forming humps by plating; and 
5 FIGS. 5A and 5D are sectional views showing a procedure for 

connecting a function device formed with bumps and a pattern of 
photoconduct j ve. thermosett ing res in and a ci rcui t board for mount ing 
it. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENT 

To better understand the present invention, brief reference 
will be made to a COC structure implemented by a conventional 
technology, shown in FIG. 1. As shown, the COC structure includes 
two semiconductor dev ices (simp ly dev i ces here i nafter) 4a and 4b each 

15 having electrode pads on one surface thereof. The device 4a has an 
active surface broader than the active surface of the device 4b and 
is positioned below the device 4b. The electrode pads 8 of the device 
4a and the electrode pads 8 of the device 4b are connected together 
via bumps 1 by flip chip bonding. The electrode pads 8 positioned 

20 at the edge portions of the device 4a are connected to electrode pads 
8 formed on the surface of a circuit board 7. After the devices 4a 
and 4b have been connected together, underf i I I resin is fed in order 
to fill the gap between the devices 4a and 4b. This COC structure, 
however, has some problems left unsolved, as stated earlier. 

25 The principle of the present invention, which is a solution 
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to the problems, will be described hereinafter. In accordance with 
the present invention, conductive portions and insulating portions 
are imp lemented by metal bumps and adhes i vc sea I resin, respectively. 
The connection of the conductive portions and that of the insulating 
5 portions are effected at the same time by thermocompress t on. 

To further reduce the mounting time, the connection of bumps 
using an ultrasonic wave and the connection of seal resin using heat 
are effected at the same time. Therefore, as shown in FIG. 2 of the 
drawings, it is possible to connect not only semiconductor devices 

10 or simi lar active devices 4 via bumps 1 (region A or B) . but also a 
capacitor or simi lar passive device 5 and a circuit board 7 (region 
C) . a SAW f i I ter or s imi I ar funct ion dev i ce 9 and the act i ve dev i ce 
4 {region D) , and the active device 4 and circuit board 7. 

a P + t ut PConduct i ve. adhesive seel reain 2 can be removed- 

15 beforehand from the portions of a chip circuit surface where It would 
effect a device characteristic, e.g., an I . D. T. electrode portion 
included in the SAW filter 9. The seal resin 2 can therefore 
hermetical ly seal the package and insure re I iable connection without 
flowing into gaps 3 between the electronic devices. Further, three 

20 or more chips may be stacked in the direction of height, if desired. 

This promotes dense mounting of electronic devices. In FIG. 2. the 
reference nomewrt 8 destgrwtes electrode pads. 

As stated above, in accordance with the present invention, 
conductive portions and insulating portions are connected together 

25 by adhesive sea I res t n and meta I , respectively, w i thout regard to the 
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function of an active or a passive device. It is therefore possible 
not only to connect a semiconductor device and another active device, 
as taught in the previously mentioned La id-Open Publication Nos. 
10-22449 and 5—013663, but also to assemble other various electronic 
5 devices. 

The adhesive seal resin is so patterned as to be absent around 
passive devices mounted between . e I ect ron t c devices and around 
electrode pads and bumps formed on the circuit surfaces of electron ic 
devices. This prevents the seai resin from penetrating into the 
10 interfaces between the pads and the bumps and thereby insures re I iable 
electric connection with a minimum of connection resistance. 

Electronic devices can be interconnected without damaging 
passive devices, which are mounted between electronic devices 
beforehand, due to a connection load. The resulting structure is 
15 therefore more rigid than the conventional structure in which only 
bumps are connected after the connection of electronic devices. 
V M* «eeor«Wwe wrth -the -present - fnvwrt iwt. a method off 

H assembling electronic devices connects the devices by connecting 



conductive portions, or bumps, by use of thermocompre*sion or by 
20 applying an ultrasonic wave with a light load at low temperature 
around room temperature. The devices are therefore connected at the 
above relatively low temperature by the photoconduct i ve, 
thermosetting seal resin. If the seal resin has tackiness and low 
elasticity. the insulating portions can be connected by 
25 -ttwwooompre&ston irt a ahort period of time at tow temperature with* 



low stress. The conductive portions can therefore be connected in 
about 1 second when \s« is made of an ultrasonic wave, while the 
insulating portions canN^e connected in about 1 second. The total 
connect ing t i me i s as short as 2 seconds. This, coup i ed w i th the fact 
that the method of the present invention does not need underf i I I resin 
after the connection of electronic devices, reduces the connecting 
time to a considerable degree and finances productivity. 

Assume that a gap between two electronic devices is as smal I 
as about 50 um or less. Then, the method of the present invention 
obv j ates vo i ds ascr i bab I e to bubb I es that wou I d rema in i n an underf i I I 
resin layer between electronic devices. The method therefore 
enhances the re I i ab i I i ty of an e I ectron i c dev i ce assemb I y or product. 

« l» eecordance wfth the* pre&ent invention, phetocooduet i y» 
resin is used as the adhesive seal resin to be deposited on an 
electronic device in the form of a layer. After the resin has been 
removed from, e g. , the 1 . 0. T, electrode portion of a SAW f i Iter where 
the resin would effect a device characteristic, the periphery of a 
package may be sealed by hermetic seal welding or si mi lar means after 
the connect ion of electronic devices. In accordance with the present 
invention, seal i ng can be effected at the same time as the connection 
of electronic devices. Further, as shown in FIGS. 3A through 3D, 
another electronic device may be connected to an electronic device 
*© -wh ich a SA*Mf 4 fter has bevrt oonnected., 

* #n eeeordwnce wtth the pre s en t i nv e n t -fen, in the case $b**e 
phc^oconduct tve. adhesive sea* re**n is ( ■ ■^earned, use is «ad» 
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resin whose aspect ratio is \ Such resin can be patterned with a 
th i ckness of 1 0 /j m and a p i tch of^bout 1 0 u m that meet the i ncreas i ng 
demand for a small pitch, area buoji layout. This allows electronic 
devices to be mounted tr id imentorta I ly\without resort i ng to a carr ier 
5 circuit board. 

A preferred embodiment of the present invention will be 
described with reference to FIGS. 3A through 3D, 4A through 4E and 
5A through 50. Some different preprocessing may be selectively 
effected before the connection of electronic devices, depending on 

10 the configuration of each electronic device. An electronic device 
may advantageous I y be imp I emented as Si , GaAs, LiTa03. LiNb03. quartz 
or the like, on which wiring is formed, or a capacitor, a resistor 
or simi lar chip part and a si I icon circuit board, a printed circuit 
board, a f lexib le ci rcuit board or simi lar organic c i rcuit board or 

15 an alumina c i rcu i t board, gl ass cerami cs c i rcu i t board, glass circuit 
board or simi lar ceramics circuit board. 

Hereinafter will bo described three specific cases, i.e., a 
case wherein bumps are formed on an electronic device before 
connection, a case wherein a seal resin Jayer is formed on an 

20 electronic device before connection, and a case wherein bumps and a 
seal resin layer both are formed on an electronic device before 
connection. In practice, an electronic device with a seal resin 
layer is connected to an electronic device formed with bumps. Also, 
an electronic device not subjected to any preprocess before 

25 connection i s connected to an e I ectron i c dev i ce formed wi th bumps and 




a seal resin layer. 

Assume an electronic device in the form of a wafer and formed 
with electrode pads. Then, bumps of pure metal or a I loy are formed 
on the el ect rode pads by p I at i ng, studding, ba I I tranef or or pr i nt i ng. 
5 depending on the thermal resistance of the device and circuit board, 
the pitch and size of the pads, and other various conditions. A 
procedure for forming bumps by plating will be described with 
reference to FIGS. 4A through 4E. 

As shown in FIG. 4A, a function device 4 has an active surface 

10 on which a passivation film 11 and electrode pads 8 are exposed. As 
shown in FIG. 4B, a conductive thin film 12, which is about 0.01 v 
m to about 1 ^ m, is formed on the active surface of the device 4 by 
a sputtering system or a vapor deposition system. The thin film 12 
may be a laminate of Ti and Pd, a laminate of Cr and Pd or a laminate 

15 of Cr and Cu by way of example. Subsequently, as shown in FIG. 4C, 
the thin film 12 is coated with an about 1 fj. m to 1 00 ju m th i ck res i st 
13 by, e.g., a roller coater, curtain— flow coater, screen printing 
or spin coater The resist 13 is then exposed and developed in a 
pattern in which it is present on the passivation f i Im 11. but absent 

20 on the electrode pads 8. Thereafter, bumps 14 are formed on the 
electrode pads 8 via the thin film 12 by electrolytic plating. 

When Au is used for the bumps 14, there are sequentially 
executed, e. g. , Ni plating, Au strike plating, and an Au plating in 
this order. Au bumps may, of course, be replaced with Cu bumps or 

25 Ag bumps formed by electrolytic plating. Further, the bumps 13 may 



ROM E^S^OxS 




2000^12= :5:;4 SI15:09/ 
12 



I4S03965643 ? 19 



be implemented as Au stud bumps, Au bumps formed by bal I transfer, 
In bumps, solder bumps, Cu bumps, bal I bumps of a I loy or solder bumps 
formed by the printing and reflow of solder paste. 

Subsequently, as shown in FIG. 40, tho racist 13 is removed 
5 by wet etching using MEK, alcohol or simitar solvent. Further, as 
shown in FIG. 4£, the conductive film 12 on the passivation film 11 
is removed by wet etching or dry etching. Final I y. the device 4 is 
cut away from the wafer by dicing. 

Bumps for an electronic device not taking the form of a wafer 
10 may advantageously be implemented by. but not I i mi ted to. Au stud 
bumps. Au bumps formed by ball transfer, In bumps, solder bumps, Cu 
bumps, a I loy bal I bumps or solder bumps formed by the printing and 
ref low of solder paste. 



Ar *eaf re^Tn layer is forwd on an electronic d«M*««' 



amen 

seal resin is coated on the device to a thickness of 1 u m to 100 



* 15 implemented as a wafer, as follows. Photoconduct i ve. thermosetting 



m by. e. g. . a rol ler coater, a curtain-flow coater, screen printing 
or a spin coater and then dried. Subsequently, not only the seal 
resin layer around the pads and bumps, but also the seal resin around 

20 ci rcuit board wi r i ng protruding from another electronic device to be 
connected, are removed by exposure and development via a photomask. 
Further, when a pass i ve dev i ce i s mounted on another e I ectron i c dev i ce 
to be connected the above seal resin around the passive device is 
removed. In addition, the seal resin is removed from portions where 

25 i* would eff^Ct the device character i at i c of another device. - 
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F i na i I y, the dev i ce i s cut away from the wafer by d i c i ng. Even 
when the device is not implemented as a wafer, resin is applied to 
the device by. e.g., dipping, a rol ler coater, a curtain-flow coater , 
screen pr i nt i ng or a so i n coater, Th i s is a I so f o I I owed by exposure 
and development. 

In accordance with the present invention, there may be 
effected the steps of forming bumps on an electronic device and then 
forming a desired resin pattern. 

A iAe«ume that the electronic device subjected to suejfr* 



preprocessing and another electronic device are connected together. 
Then, the photoconduct i ve, thermosetting seal resin layer exists 
between the f unct i on device and the c i rcu i t board. On the other hand, 
in the gap between the active surfaces of the two devices, the seal 
resin layer i s absent around a coi I (L) , capacitor (C) . resistor (R) 
or si mi I ar passive dev ice mounted on the device. Also, the seal resin 
layer is absent around portions where it would effect the device 
character i st i c of the device to be connected, port t ons around the pads, 
and portions Ground the bt*npe * 

Another electronic device may be connected to the above 
assembly of two electronic devices by repeating the above^descr i bed 
preprocessing and connection. In this manner, a plurality of 
electronic devices can be assembled together. 

As for the photoconduct ive. thermosetting resin, use may be made of, 
e. g. , V-259PA (trade name) avai I able from Nippon Steel Chemical Co. . 
Ltd. whose viscosity ranges from 200 cps to 1.000 cps, a polyimide 
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precursor PAlMcL (trade name) avai (able form ASAH1 CHEMICAL INDUSTRY 
CO. , LTD, or SUM IRES IN (trade name) avai I able from Sumitomo Bake I ite 
Co. , Ltd- 

A layer of such ream playa the role of a passivation f i Im at 
5 the same time when coated on a semiconductor device. If desired, a 
res i n sheet th i cker than 1 00 pi m may be adhered to an e I ectron i c dev i ce 
and then subjected to exposure and development. 

To connect the two or more electronic devices, use is made of 
a flip-chip mounter for thermocompress i on or a flip-chip mounter 
10 capable of applying an ultrasonic wave. A tool included in the 
mounter retains one of the devices by vacuum while a stage also 
included in the mounter retains the other device by vacuum. 

■ \ * ^ procedure for connecting two electronic devices wj 1 1 bw* 

* ■ '* Vi? 

V* * M described with reference to FIGS. 3A through 3D. First, two 

15 electronic devices are positioned relative to each other Then, as 
shown in FIG. 3A, bumps 1 formed on one device 20 and electrode pads 
8 formed in the other device 30 and a I igned with the bumps 1 are caused 
to contact each other and then bonded by thermocompress i on or an 
ultrasonic wave As shown in FIG. 3B, at the same time as or after 
20 the thermocompress i on or ultrasonic bonding, a load sufficient to 
smash the bumps 1 and bring the surface of a photoconduct i ve, 
thermosetting resin layer 2 formed on the device 20 into contact with 
the surface of the device 30 is applied. In this condition, the 
devices 20 and 30 are heated to connect the seal resin layer 2, which 
25 "-extst in insulating portions, to the surface of the device 30. To* 
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prevent the seal res\n 2 from flowing out during connection, dents 

\ 

may be formed in the portions of a circuit board expected to contact 

\ 

the seal resin 2 beforehand 

*% 

Ac stated above, by patterning rcain and forming bumps on 
5 either one of the electronic devices 20 and 30 in the same manner as 
on a circuit board before connection, it is possible to connect the 
devices 20 and 30 together to complete a device assembly. It is 
noteworthy that the resin 2 i s so patterned as to be absent in various 
undesirable portions stated earlier. 
\ 10 . X- plurai ity of d+viem e^senfetfes each having the afrcva^ 

it described structure are introduced into a drier together in order to 

cure the photoconduct i ve, thermosetting sea* resin. If desired, 
another seal resin may be dropped onto the periphery of each device 
assembly via a dispenser and then cured together with the 
15 e^totoconduct Ive, thermo«» t t ♦ r»g rwtn in -the drter- 

A specific example of the illustrative embodiment will be 
described hereinafter. In this example, bumps and a resin pattern 
were formed on a semiconductor device. Specifically, eighty— one 
electrode pads each being sized 100 mm square were formed on a 3. 5 
20 mm x 5. 3 mm Si semiconductor device at a pitch of 150 urn. Au bumps 
each being 90 pm square were formed on all of the electrode pads. 

First, as shown in FIG. 4A, an aluminum oxide film is removed 
from the active surface of a Si semiconductor device by reverse 
sputter i ng us i ng a sputter i ng system. Subsequently, as shown i n F I G. 
25 4fl, a conduct i ve th i n f i I m 1 2 made up of a 0. 05 m m th i ck T i th i n I ayer 
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and a 0.15 u m th i ck Pd thin layer was formed on the entire surface 
of the device by sputter vapor deposition in a thin film deposition 
system. The device was then taken out of the deposition system, 
coated with an about 25 thick resist by a spin coater. and then 
5 exposed and developed. As a result, as shown in FIG. 4C, a resin 
pattern 13 was formed on the device except for the positions around 
the electrode pads 8. Thereafter, as shown in FIG. 4D, the Au bumps 
1 4 each be i ng 20 ^ m h igh were formed by electro lyt ic plating, e.g.. 
by the consecutive steps of Ni plating, Au strike plating, and Au 
10 plating. 

After the formation of the Au bumps 14 r the resist pattern 13 
was removed by wet etch i ng us i ng UEK, a I coho I or s i mi I ar so I vent. As 
shown in FIG. 4E. the conductive thin f i Im 12 used for electrolytic 
plating was removed by wet etching or I BE or si mi I ar dry etching except 

15 for its portions corresponding to the bumps 1 and electrode pads 8. 

a ►tvttw condition sfeoft* <n F*£.~4£, the device was coat e d w*frh 
the previously mentioned photoconduct i ve. thermosetting seal resin 
V-259PA by a sp i n coater to a thickness of about 22 u m. The sea I resin 
was dried and then exposed and developed via a photomask, forming a 

20 resin pattern At this instant, the seal resin was removed not only 
from the positions around the pads and bumps, but also from the 
positions expected to align with wiring protruding from another 
electronic device to be connected. Thereafter, the device was cut 
away by dicing. Let this device be referred to as a first Si device 

25 *m distinction from e second Si device to be connected thereto.* 
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As shown in FIGS. 5A through 5D, the first Si device was 
connected to the second Si device, which was sized TO ram x 10 mm, by 
DB100 (trade name) available from SHIBUYA K0GY0 CO., LTD. 
Specif icat ly. a tool having an ultrasonic wave applying function and 
5 a pu I se heat i ng f unct i on reta \ ned the first Si dev i ce by vacuum wh i I e 
a stage having a constant heating function retained the second Si 
device by suction. 

First, as shown in FIG. 5A, the f ir3t and second devices were 
positioned relative to each other by use of a camera. As shown in 
10 FIG. SB, while the stage was held at room temperature, the bumps 1 
of the first Si device and the electrode pads 8 of the second Si device 
were caused to contact each other and connected together by an 
ultrasonic wave emitted from the tool. The ultrasonic wave had a 
frequency of 40 kHz and an output of 3 W and was emi tted for 0. 6 second. 
\ 15 *fi«ibsea^jent ly, to* connect the onotooonduot tve, themwecttHj^ 

>Jv seal resin 2 and second Si device by thermocompress i on, temperature 

was elevated from room temperature to 400°C and held at 400°C for 1 
second. A load was increased up to 5 kg in accordance with the 
temperature e I evat i on of a pu I se heater, wh i ch is i nc I uded i n the too I . 
20 In this manner, the connection of the electrode pads 8 and bumps 1 
and the connection of the two Si devices via the seal resin 2 were 
•#f«cted wt *tn« m umm t«w»« 

As shown in FIG. 5C. the subassembly of the first and second 
Si devices was connected to another or third semiconductor device 5. 
25 The third device 5 was made up of a glass epoxy substrate 7a, twenty 
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solder bat I bumps 1a arranged on the substrate 7a and each having a 
diameter of 650 m, and a sheet of thermosetting seal resin 2a, The 
seat resin 2a had an opening at its center and was 600 mn thick. The 
thi rd dev i ce 5 was c i 2*d 10 mn x 10 mm. The subessemb I y of the f i rat 
5 and second devices was placed in the opening of the seal resin 2a. 

Subsequently, the Seal resin 2a was removed from the 3. 5 mn 
x 5. 3 mm area of the third device 5 and the portions around the solder 
ball bumps 1a by exposure and development. Then, as shown in FIG. 
5D. the subassembly and the third device 5 are connected together by 

10 thermocompress i on. The resulting assembly of the first to third 
devices withstood more than 1,000 cycles during a heat cycle test 
repeated at -40*C to 125°C. 

Another specific example of the i I lustrative embodiment wi I I 
be descr i bed here i naf ter . Th i s examp I e i s pract i cab I e when bumps are 

15 formed on a f i rst e 1 ectron i c dev i ce, when a seal resin layer i s formed 
on a second electronic device to be connected to the first device, 
and when either one of the first and second devices includes a region 
whose device characteristic would vary if brought into contact with 
resin like the I. D. T. electrode portion of a SAW filter. 

20 Specifically, Au stud bumps each having a diameter of about 

100 yum and a height of about 25 f4 m were formed on A I pads provided 
on a LiTa03, LiNb03, quart2 or simi far wafer meant for a SAW ft iter. 
Thereafter, an e I ectron ic device was cut away from the wafer by dicing. 
An electronic device to be connected to the above device by f I ip chip 

25 bond ing inc I uded a ci rcuit board made of s i I icon, FT-4, g I ass cerajni cs 
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or alumina and had a 0. 03 an to 0. 3 mm deep recess in its region 
expected to form a resin pattern. 

JaBurttiM on the surface of a circuit board ware r amoved ay 

a plasma asher. The photoconduotive, thermosetting seal res i n V- 
5 259PA was coated on the above surface to a thickness of 20 jum to 50 
M m and then dried. Subsequently, the seal resin was exposed and 
developed via a photomask and removed thereby from portions around 
the wiring of the circuit board and a portion corresponding to the 
I . D. T. electrode portion of a SAW chip to be connected later, 
10 completing a circuit board for mounting a function device. The 
f unct i on dev i ce and SAW ch i p was connected together by D6200 ment i oned 
a*rt ler.* 

Specifically, as shown in FIG. 3A, a tool, not shown, having 
a pulse heater and an ultrasonic wave applying function retained a 

15 SAW chip 20 by suction. At the same time, a stage having a pulse 
heater retained a circuit board 30 by suction. Bumps 1 and electrode 
pads 8 were formed on the SAW chip 20 and circuit board 30, 
respectively. As shown in FIG. 3B, wh H e the bumps and e I ect rode pads 
8 are held in contact with each other, the toot emitted an ultrasonic 

20 wave in order to connect the bumps 1 and pads 8. The ultrasonic wave 
had a frequency of 40 kHz and an output of 3 W and emitted for 0.5 
second. In FIGS. 3A and 3B. the reference numerals 3 and 9 designate 
a cavity and a SAW filter, respectively. 

Subsequently, the seal resin 2 and SAW chip 20 were connected 

25 by thermocompress i on. At th i s i nstant, the dev i ce character i st i c of 




the SAW ch i p 20 wou I d vary i f the sea I res i n 2 were brought i nto contact 
with an I.D. T. electrode portion included in the SAW chip 20. In 
light of this, the circuit board or the stage was held at a lower 
temperature than the SAW chip 20 or the tool throughout the 
5 thermocompress ion and cooling stage. This successfully caused 
organic gases derived from thermocompress i on condense and deposit on 
trie circuit board 30 during cooling. The temperature of the pulse 
heater included in the too I was e I evated from room temperature to 300*C 
and held at 300°C for 1 second. At the same time, the temperature 

10 of the pulse heater included in the stage was elevated from room 
temperature to 200°C and held at 200°C for 1 second. A load was 
increased up to 3 kg to 5 kg in accordance with the temperature 
elevation of the tool and that of the stage. 

The SAW chip 20 and circuit board 30 were connected under the 

15 above conditions. Specif ica I ly. the Au bumps 1 connected the wiring 
portion of the SAW chip 20 and that of the circuit board 30. and then 
the seal resin 2 adhered the active surface of the SAW chip 20 and 
the surface of the circuit board 30. A plural ity of such packages 
were dried together in a drier at 15CPC for 3 hours in order to cure 

20 the seal resin 2, 

Assume that after the circuit board 30 has been coated with 
the seat resin 2. the SAW chip 20 and circuit board 30 are connected 
together by the conventional thermocompress i on scheme. Then, a 
period of time as long as about 20 seconds or more is necessary for 

25 the bumps 1 and e lectrode pads 8 to be bonded to each other. Moreover, 
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the temperature of the stage retaining the circuit board 30 is 
selected to be higher than the temperature of the tool retaining the 
SAW chip 20 during thermooompress i on. causing excess resin 2 
ascribable to temperature elevation to deposit on the I . D. T. 
electrode portion 10- 

By contrast, i n thi s ex amp I e, no not i ceab I e gaps occur between 
the SAW chip 20 and the seal resin 2 except for the position where 
the I.D. T. electrode portion 10 is located. Therefore, a load 
lighter than the conventional load suffices to bring the entire 
surface of the seal resin 2 into close adhesion to the SAW chip 20. 
In addition, there can be obviated the occurrence that excess resin 
2 deposits on the I . D. T. electrode portion 10 during connection. 

- *e shown in FIG. 3C, the subassembly of the SAW chip 20 *n*V 
circuit board 30 was connected to a silicon circuit board 4 by 
thermocotnpress ion. A photoconduct i ve, adhesive resin seat 2 
accommodating solder bai I s 1 was adhered to the s i I icon ci rcuit board 
4 and was removed from around the bumps 1 and a region corresponding 
to the SAW chip 20 by exposure and development beforehand. The 
resulting assembly is shown in FIG, 3D. The SAW chip 20 was found 
£o have a filter eJferaoter i at i c required of a SAW filter". 

. Resume that an ultrasonic wave is appl i cab let© the connecti«* 

fori. 

of msulatmg portions imp I emented by photoconduct i ve. thermosetting 
seal resin, which is patterned by exposure and development. Then, 
when bumps and electrode pads, i.e., conductive portions are 
.connected by an ultraseMfc wave, heat and toad may be appf ied at the* 
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same time in order toS^onnect even the insulating portions. After 
the connection, a plurality of such device assemblies are dried in 
a drier at the same time so\as to cure the seal resin. 

* desired, another aeef resin may coat the periphery of tha* 
chips before the device assemblies or packages are introduced into 
the drier. In such a case, the above sea I res in will be cured together 
with the photoconductiva, thermosetting seal resin in the drier. 
Also, another el ectr on ic device i n the form of a wafer may be connected 
*o mm to fmp!ement^58P at the wafer' levefr 

Furthermore, when a plurality of relatively thin circuit 
boards are connected in a laminate, resin in the resin layer may bo 
partly removed in order to bury a coi I, capacitor, resistor or simt lar 
electronic device. This implements a structure in which a 
multifunction device is buried in a single circuit board. 

. 4f» $umma>y, in accordance with the present invent 
more electronic devices can be connected together. Also, not only 
semiconductor devices and other act i ve dev ices, but a I so capaci tors, 
resistors and other passive devices and a circuit board can be 
connected together. These advantages are derived from the fol lowing 
un i que conf i gu r at i on. Mata I bumps connect conduct i ve por t i ons wh i I e 
adhesive seal resin connects insulating portions, implementing 
structurally rigid connection. Further, when use is made of 
photoconduct i ve resin as seal resin, it can be so patterned as to be 
absent around wi r i ng port ions protrud i ng from a c i rcu i t board, around 
f>essive elements mounted between electronic devices, around the * 
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portions of a circuit board of an electronic device where the resin 
would effect the device characteristic, and around bumps and 
electrode pads. 

Aleo, in accordance wrth preeerrt invention, two w mnj-T 
electrode devices can be connected without resorting to underfill 
resin conventionally fed after connection. This obviates an 
occurrence that voids appear in the underf i I I resin after the resin 
has been cured. Specifically, the connect ion of conduct i ve port ions 
using the bumps and that of insulating portions using the resin can 
be effected at the same time by an ultrasonic wave or 
thermocompress ion. Also, when use is made of photoconduct i ve resin, 
the resin can be so patterned as to be absent around the bumps before 
connection even *f the pitch of the btaape is sm*U. 

Further, in accordance with the present invention, when a SAW 
filter is connected to another electronic device, sealing is 
achievable at the same time as connection while still another 
electronic device is connectable to the above electronic device by 
f I i p ch i p bond i ng I ater. 1 1 has been customary to remove res i n around, 
e.g., the I.D. T. electrode portion of a SAW filter that effects a 
device characteristic when brought into contact with resin, connect 
the SAW f i Iter and an electronic device, and then seal the periphery 
of the resulting package by, e.g.. hermetic seam welding. 

a Mui cover. in accordance with the present invention, a* 

vJ/7 

three-dimensional mounting structure i s ach i evab I e w i thout regard to 
the arrangement of bumps and without the i n ter m e d iary of a carrier* 




ci rcuit board. Specifically, assume that phot oconduct i ve. adhesive 
sea J resin is patterned. T^en, if the resin has an aspect ratio of 
1, it can be patterned with a thickness of 10 /i m and a pitch of about 
10 A<m. It f o I lows that a resyi pattern capable of coping with the 
5 decreasing pitch of an area buni^ layout is attainable. 

Various it»od i f i cat i ons wi I I become possible for those ski I led 
in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. 



